Objective To determine the risk of chronic kidney disease in patients with psoriasis.
Introduction
Psoriasis is a common chronic inflammatory disease of the skin and joints that has a peak onset in young adulthood and affects 2-4% of the general population.
1 2 Increasing evidence suggests that psoriasis is associated with diabetes, metabolic syndrome, and cardiovascular disease, often independent of the traditional risk factors. 1 3-6 Chronic inflammation driven by T cell activation and cytokines such as tumor necrosis factor α is thought to be the pathophysiologic link between psoriasis and these other systemic conditions.
1 While the existence of a "psoriatic nephropathy" has been proposed based on case reports of glomerulonephritides in patients with psoriasis, 7 the association between psoriasis and kidney disease remains largely unclear.
Studies to date examining kidney disease in patients with psoriasis have primarily been cross sectional in design with small sample sizes and have yielded conflicting results. In a recent cross sectional study by Yang and colleagues, renal failure was more prevalent in patients with severe psoriasis than in age and sex matched controls (odds ratio 1.59, 95% confidence interval 1.09 to 2.32). 8 We previously conducted a population based cohort study examining cause specific mortality in people with psoriasis and found a fourfold increase in death from nephritic or non-hypertensive kidney disease among those with severe psoriasis. 4 Multiple cross sectional studies have also observed greater prevalence of microalbuminuria, a sign of subclinical glomerular dysfunction, in patients with psoriasis. [9] [10] [11] [12] Yet other studies have detected no association between psoriasis and renal disease, including one prevalence study that found similar rates of renal failure among 753 patients with psoriasis compared with national estimates. [13] [14] [15] Furthermore, these previous analyses often did not adjust for potential confounders such as diabetes, hypertension, and use of nephrotoxic drugs.
We investigated the risk of chronic kidney disease in a broadly representative population based cohort of patients with psoriasis. We hypothesized that patients with psoriasis, especially if it is severe, have an increased risk of moderate to advanced (stage 3-5) chronic kidney disease compared with patients without psoriasis.
Methods

Study design and data source
We conducted a population based cohort study using The Health Improvement Network (THIN), an electronic medical records database maintained by general practitioners in the United Kingdom. THIN is broadly representative of the general UK population and contains diagnostic, treatment, and laboratory data on over nine million individuals. In the UK, almost all patients are registered with a general practitioner who serves as the primary contact for healthcare and records data on diagnoses, prescriptions, and laboratory results as part of the patient's electronic medical record. THIN has been widely used for epidemiological research and has been previously validated for the study of psoriasis, chronic kidney disease, and other diagnoses. [16] [17] [18] Data in this study were collected prospectively from 2003 to September 2010. The study was conducted in accordance with the STROBE statement.
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Study population, definitions of exposure and outcome, and follow-up
We included in the study all patients with psoriasis aged 18-90 at their start date (defined below) with at least one day of observation time. THIN data are coded in Read codes, which are alphanumeric codes that group and define illnesses by using a hierarchical system. 20 Patients with psoriasis were identified if they received a diagnostic Read code for psoriasis, as previously validated in THIN. 17 Severe psoriasis was defined by the presence of a prescription code for treatments consistent with severe psoriasis on or after the diagnosis of psoriasis (such as phototherapy including ultraviolet B or psoralen and ultraviolet A (PUVA), methotrexate, azathioprine, cyclosporine, oral retinoids, hydroxyurea, mycophenolate mofetil, etanercept, adalimumab, infliximab, and ustekinumab). Patients without treatment codes for systemic or biologic treatment or phototherapy for psoriasis were classified as having mild disease.
Each patient with psoriasis was randomly matched with up to five unexposed patients (that is, no history of a diagnostic code for psoriasis) aged 18-90 whose ages were within five years of the exposed patient's age, who were seen in the same practice, and who had a date of observation within 180 days before or after the index date of the patient with psoriasis (defined below), thus ensuring that patients with and without psoriasis were followed up by the same practice during similar time periods. We excluded patients with diagnosis of chronic kidney disease before cohort entry.
Follow-up time began at the latest of the date when the patient's practice began recording information using THIN software, six months after the date of patient registration in the practice, and the date of psoriasis diagnosis for the exposed cohort or the closest corresponding visit for the unexposed cohort. Censoring occurred when patients developed chronic kidney disease, died, transferred out of the practice, or reached the end of the study.
The outcome of incident chronic kidney disease was defined as the patient receiving a diagnostic code or having an estimated glomerular filtration rate (eGFR) consistent with moderate to advanced (stage 3-5) chronic kidney disease, or both. We used serum creatinine data to calculate eGFR using the Modification of Diet in Renal Disease (MDRD) formula and following widely accepted classification guidelines for chronic kidney disease, which define moderate to severe chronic kidney disease as eGFR <60 mL/min/1.73m 2 on at least two occasions more than 90 days apart. [21] [22] [23] In the absence of complete laboratory data, we also used a list of 80 Read codes to identify moderate to advanced chronic kidney disease, a method that has been previously investigated within THIN. 18 We also examined incident end stage renal disease (ESRD) as a secondary outcome, defined by a relevant diagnostic code for end stage renal disease or dialysis, or both. 22 We recorded known risk factors for chronic kidney disease, such as age, sex, presence of diabetes, hypertension, and cardiovascular disease, and other potential confounders including use of non-steroidal anti-inflammatory drugs, hyperlipidemia, and body mass index (BMI). Patients were classified as having diabetes, hypertension, hyperlipidemia, and cardiovascular disease if they ever received a diagnostic code for these conditions before the start of the study. BMI, use of alcohol and non-steroidal anti-inflammatory drugs, and smoking status were determined from the recorded data closest to the start date.
All patients with psoriasis who met selection criteria were included in the study, yielding 143 883 patients with psoriasis and 689 702 without. Power calculations were made before data collection and were based on estimates of eligible patients within THIN. With 131 490 patients with mild psoriasis, 3510 with severe psoriasis, and 540 000 without psoriasis, we would have 80% power to detect a hazard ratio of 1.10 and 1.62 in the mild and severe psoriasis groups, respectively.
Statistical analysis
We examined the age, sex, person time, and covariate distribution between patients with mild and severe psoriasis and unexposed controls using χ 2 and Fisher exact tests for categorical data and Mann-Whitney and t tests for continuous variables. We compared the rates of chronic kidney disease in the mild and severe psoriasis groups versus unexposed groups with Cox proportional hazards regression. Adjustments were made for pertinent risk factors determined a priori such as age, sex, presence of hypertension, diabetes, or cardiovascular disease and BMI and use of non-steroidal anti-inflammatory drugs. As data on BMI were missing in 25% of patients, we performed multiple imputation as part of a sensitivity analysis. Smoking and alcohol use were excluded from the primary model as they are not confirmed risk factors for chronic kidney disease, though they were examined in sensitivity analyses. We also investigated interactions between age and psoriasis and between sex and psoriasis on the risk of chronic kidney disease. Log-log survival plots were examined for adequate proportionality.
We performed multiple sensitivity analyses to further assess the robustness of our results, such as excluding patients with psoriatic arthritis and patients with psoriasis treated with potentially nephrotoxic cyclosporine and methotrexate. We also adjusted for use of non-steroidal anti-inflammatory drugs during follow-up and excluded patients with rheumatoid arthritis and osteoarthritis given their propensity to use these drugs. To further ensure the validity of diabetes, hypertension, and hyperlipidemia covariates, we performed analyses requiring a prescription consistent with these diagnoses. In addition, we accounted for the time varying nature of risk factors such as diabetes. We also examined a stricter outcome definition of chronic kidney disease, defined as eGFR <60 mL/min/1.73m 2 on at least two occasions more than 90 days apart and without any intervening or subsequent eGFR ≥90 mL/min/1.73m 2 , and/or one of 45 diagnostic codes with known positive predictive values over 80% for chronic kidney disease. 18 Lastly, to minimize screening bias, we conducted sensitivity analyses accounting for frequency of patient visits and/or contact with the healthcare system as well as frequency of serum creatinine screening.
All statistical analyses were performed with Stata (version 12, StataCorp, College Station, TX). Significance was determined by using two sided P values at P<0.05.
Nested cross sectional study
To further evaluate the relation between chronic kidney disease and severity of psoriasis, as defined by direct measures of extent of disease rather than by use of treatment, we examined a subgroup of patients aged 25-64 whose severity of disease had been assessed via questionnaires sent to their general practitioners as part of a prospective cohort called the Incident Health Outcomes and Psoriasis Events (iHOPE 24 ) study. 6 17 In the iHOPE cohort, eligible patients with psoriasis were randomly sampled within age categories from individuals with at least one diagnostic code for psoriasis within two years before the survey. Patients were defined as having psoriasis if their diagnosis was confirmed by their general practitioner in the questionnaire. Of 10 474 eligible patients, their general practitioners completed 10 026 mailed surveys (95.7% response rate), confirming the diagnoses in 9056 (90.3%) patients. General practitioners directly measured the extent of psoriasis and classified it as mild (limited disease with ≤2% body surface area (BSA) affected) in 4526 (51.8%) patients, moderate (scattered disease with 3-10% BSA) in 3123 (35.8%) patients, and severe (extensive disease with >10% BSA) in 1082 (12.4%) patients. 25 A simple categorized measurement of affected body surface area has previously shown excellent reliability and validity. 26 Each patient with psoriasis was randomly matched to 10 control patients without psoriasis based on age category and medical practice. We conducted a cross sectional analysis of baseline data in the Incident Health Outcomes and Psoriasis Events cohort, performing conditional logistic regression to examine the prevalence odds ratios of chronic kidney disease in patients with psoriasis versus matched controls with respect to measured disease severity.
Results
We identified 143 883 patients with psoriasis (136 529 with mild disease and 7354 with severe disease based on treatment patterns) and 689 702 matched patients without psoriasis. Although patients with psoriasis were statistically more likely to be male and older, the distribution of these variables was generally similar between people with and without psoriasis (table 1⇓) . Patients with psoriasis were more likely to have diabetes, hypertension, cardiovascular disease, and higher BMI than people without psoriasis, consistent with previous studies.
1 27 Among patients with severe psoriasis based on treatment history, 67% (4956) were treated with methotrexate (table 2⇓) .
Patients with psoriasis, particularly those with severe disease based on treatment history, had a higher incidence of chronic kidney disease compared with control patients (table 3⇓) . In unadjusted models, the relative risk of incident chronic kidney disease was increased among all patients with psoriasis (hazard ratio 1.13, 95% confidence interval 1.11 to 1.15), with patients with severe psoriasis having the highest relative risk (hazards ratios were 1.08 (1.05 to 1.10) and 1.90 (1.78 to 2.04) in patients with mild and severe psoriasis, respectively). After adjustment for sex, age, cardiovascular disease, diabetes, hypertension, hyperlipidemia, use of non-steroidal anti-inflammatory drugs, and BMI, however, psoriasis remained an independent risk factor for chronic kidney disease in the severe psoriasis group but its effect was attenuated in the overall group because of loss of significance in the mild psoriasis group (table 3⇓) . Though there was no interaction between sex and psoriasis, age was a significant effect modifier in the severe psoriasis group (table 3), indicating that the relative risk of chronic kidney disease is highest in younger patients ( fig 1⇓) . For example, in patients with severe psoriasis, the relative risk of developing chronic kidney disease is 3.82 (3.15 to 4.64) in a 30 year old but 2.00 (1.86 to 2.17) in a 60 year old. Nevertheless, the adjusted attributable risk of chronic kidney disease due to psoriasis still increases with age because the baseline risk of chronic kidney disease increases with age (table 4⇓) . Similar to findings for chronic kidney disease, the relative risk of incident end stage renal disease was significantly increased only among patients with severe psoriasis (adjusted hazard ratio 4.15, 1.70 to 10.11). There was no significant interaction between age and psoriasis on the development of incident end stage renal disease (table  3⇓) . These results were robust to multiple sensitivity analyses (table 5⇓) .
In a nested analysis comparing 8731 psoriasis patients with measurements of disease extent (body surface area affected) and 87 310 matched controls, there was a dose-response effect in the prevalence of chronic kidney disease with respect to severity of psoriasis. In models fully adjusted for age, sex, cardiovascular disease, diabetes, hypertension, hyperlipidemia, BMI, use of non-steroidal anti-inflammatory drugs, and duration of observation, the odds ratios of chronic kidney disease were 0.89 (95% confidence interval 0.72 to 1.10), 1.36 (1.06 to 1.74), and 1.58 (1.07 to 2.34) among patients with mild, moderate, and severe disease, respectively ( fig 2⇓) . The adjusted prevalence odds ratios of chronic kidney disease in patients with psoriasis of less than two years' duration and 10 or more years' duration were 0.90 (0.64 to 1.28) and 1.24 (1.01 to 1.53), respectively. These findings remained robust to multiple sensitivity analyses (data not shown), although results were attenuated in the analyses in which we excluded patients with severe psoriasis (more than 10% of the body surface area affected) who had received methotrexate or cyclosporine (24% of patients with severe psoriasis).
Discussion
Principal findings
To our knowledge this is the first population based cohort study to compare the incidence of moderate to advanced chronic kidney disease in patients with and without psoriasis, thus providing generalizability and allowing us to assess the temporal relation between psoriasis and chronic kidney disease. We found that severe psoriasis, defined by treatment patterns, is an independent risk factor for moderate to advanced chronic kidney disease. These findings were confirmed when we evaluated the prevalence of chronic kidney disease based on severity of psoriasis as determined by the general practitioner's categorization of affected body surface area. The combined results indicate that, although no association is seen in patients with truly mild disease (less than 2% body surface area affected), as consistent with previous studies, associations are seen in moderate and severe psoriasis, which are estimated to affect over 20% of patients with psoriasis worldwide. 2 8 The relative risk of chronic kidney disease is especially increased in younger patients, similar to previous findings for myocardial infarction in psoriasis. 3 Nevertheless, despite attenuation of the association with increasing age, the clinical relevance of the absolute risk of chronic kidney disease attributable to psoriasis increases with age. In patients aged 40- 
Comparison with other studies
Our results are consistent with previous descriptive work showing a higher prevalence of renal failure in patients with severe psoriasis. 8 24 The increased relative risk of end stage renal disease among patients with severe psoriasis also fits with earlier findings of increased renal related mortality in those individuals. 4 Furthermore, most previous studies evaluating renal disease in patients with psoriasis have focused on indicators of subclinical glomerular dysfunction, such as urinary albumin excretion. 9-12 15 Although these markers can be used to predict nephropathy, they might not indicate the presence of or subsequent progression to severe renal insufficiency. Moreover, studies examining these markers have had mixed results, with a handful of studies failing to find any differences in urinary albumin excretion or creatinine clearance between patients with psoriasis and healthy individuals. 14 15 These null findings might have been caused by small sample sizes, but it is also possible that patients with and without psoriasis differ not with respect to subclinical glomerular dysfunction but rather in the eventual development of moderate to advanced renal insufficiency, as assessed in this study.
Strengths and limitations of study
We adjusted for confounders such as diabetes, hypertension, and use of nephrotoxic drugs, factors that had served as exclusion criteria or were altogether not evaluated in previous studies. 8 9 15 Our results suggest that there is an association between psoriasis and chronic kidney disease independent of comorbidities in psoriasis, such as diabetes and cardiovascular disease. Furthermore, we found that the association between severe psoriasis and renal insufficiency is not driven by joint disease or associated use of nephrotoxic drugs. Sensitivity analyses excluding patients with psoriatic arthritis, rheumatoid arthritis, or osteoarthritis showed results similar to the primary model. Our findings also remained robust when we adjusted for frequency of use of non-steroidal anti-inflammatory drugs both at baseline and averaged over follow-up. As cyclosporine and methotrexate can induce nephrotoxicity, [28] [29] [30] we conducted sensitivity analyses excluding patients who used these drugs and found that the higher relative risk of chronic kidney disease persisted among patients with severe psoriasis who had not received cyclosporine or methotrexate. Lastly, to ensure that we were capturing incident and not prevalent chronic kidney disease, we performed additional analyses restricted to patients who had received a diagnosis of chronic kidney disease at least one year after their start date and found similar results.
While moderate to advanced chronic kidney disease is a distinct outcome, its development stems from a heterogeneous group of kidney diseases. The mechanisms mediating renal injury in psoriasis remain thus unclear. Numerous case reports have described the coexistence of psoriasis and glomerulonephritis, most commonly IgA nephropathy, focal segmental glomerulosclerosis, and membranous nephropathy, 9 31-35 suggesting that immunologic mechanisms such as defects in T cell function and increased levels of immune complexes underlie glomerular injury in psoriasis. 7 36 On the other hand, tubular injury induced by raised uric acid concentrations in people with psoriasis is another theoretical mechanism. 37 Examination of specific renal diseases is warranted to better characterize renal insufficiency among patients with psoriasis.
As with all studies, there are important limitations to consider. First, misclassification bias is possible when systemic treatments are used as a marker of severity of psoriasis. As direct measurements of the extent of psoriasis are not encoded within THIN, the identification of severe disease was based on treatment patterns. Nevertheless, use of treatments as a proxy measure of severity has been widely accepted. 3 38 39 Direct measurements of the extent of body surface area affected by psoriasis were also examined in the nested analysis, which corroborated our primary findings. As azathioprine can be prescribed for other dermatologic disorders such as eczema and use of phototherapy can indicate acute flares rather than chronic severe psoriasis, we also performed sensitivity analyses excluding patients who received these treatments and found results consistent with the primary analysis. Notably, the prevalence of biologic therapy in our cohort was low, probably because most biologics are exclusively prescribed by specialists and thus might not be fully captured in THIN. Moreover, biologic therapy did not become prevalent for psoriasis treatment in the UK until after 2005. 40 While outcome misclassification is also a potential limitation, particularly in database studies, the practitioners collecting THIN data were unaware of the hypotheses being tested, and thus any bias would probably be non-differential and bias findings towards the null. Our outcome is further strengthened by our use of the standard laboratory based definition of chronic kidney disease in addition to diagnostic codes, thereby minimizing misclassification. It is worth noting, however, that current definitions of chronic kidney disease are controversial, and some researchers argue that they lead to the overdiagnosis of subclinical chronic kidney disease. 41 Nevertheless, this potentially increased capture of chronic kidney disease is likely non-differential between patients with and without psoriasis. Furthermore, we performed sensitivity analyses examining each specific stage within moderate to severe chronic kidney disease and observed an increased risk across all severities of renal dysfunction among patients with psoriasis. Our finding of an association between psoriasis and dialysis dependent end stage renal disease further argues that the association between psoriasis and chronic kidney disease is not driven solely by the overdiagnosis of subclinical renal impairment.
Second, it is conceivable that patients with psoriasis might visit their physicians more often or are screened earlier and more often for chronic kidney disease, thus leading to ascertainment bias. End stage renal disease, an outcome more robust to screening bias, however, was also significantly associated with severe psoriasis and argues against ascertainment bias, supporting our results for chronic kidney disease. In other words, even if mild renal disease were more likely to be detected because of increased surveillance among patients with psoriasis, dialysis dependent renal disease should present clinically, regardless of screening frequency. We also performed sensitivity analyses restricted to patients with similar frequencies of screening for chronic kidney disease or contact with the healthcare system and found similar results. Third, unmeasured and unknown confounders could exist, though we accounted for all major confounders in our primary analysis as well as many other possible confounders in sensitivity analyses. Lastly, The Health Improvement Network does not contain data on race, which could lead to underestimation of renal function among black patients as the MDRD formula for estimating glomerular filtration rate from serum creatinine involves a correction factor for black race. This inherent limitation to The Health Improvement Network data cannot be overcome and was unlikely to impact our results as only an estimated 3% of the UK population is black.
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Conclusions and policy implications
In conclusion, moderate to severe psoriasis is associated with moderate to advanced chronic kidney disease independent of traditional risk factors. Closer monitoring for renal insufficiency, such as routine screening urinalysis for microalbuminuria and serum creatinine and blood urea nitrogen testing, should be considered for patients with psoriasis affecting 3% or more of the body surface area. Increased screening efforts will allow for earlier detection and intervention to reduce the substantial morbidity and mortality associated with chronic kidney disease. Additionally, the risk versus benefit of potentially nephrotoxic drugs in patients with moderate to severe psoriasis should be carefully considered. Future studies are warranted to confirm our findings, determine the mechanisms mediating renal insufficiency in psoriasis, and examine the impact of treatment for psoriasis on the risk of chronic kidney disease.
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